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(57) 

)ttt*^hXV^ hP^XS?? (OPODs) 

g^^opoDSfera^sns. ©jg^mtBSB.* 



( 2 ) ^2 003-51 5933 

[ ¥f Vf- m * © ii5i QB ] 

t ffi * JS l 3 ffiia*tosntW^ic*«2-30f|«: 

2 o o « « w © , JB-ojfc»«tt#**»##»*»6a*i?L<iaiB ; 

2r>0«ffW©*l,TIE?L(ftaHt|»ttLfc, M = <D%««tt*tR^»A:#ft 
A^&sm^twSHg ; * ± 

27©«IIB©f Ltfi©i>S:< <h fc 1 ^> t R ft L fc . '> fc < £ fc l o © H 

&?®.±m ; 

^ fil K> @ 3t ^ y h x v V Y d - x 38* . 

fc ® ® £ © RfiC: & -5 . R$9l ©Jfl-?. 

I » * * 3 J ltJOftiB^BJtJB**. IE?Llfil£IS£»e?BJl:JB<cRJftlx 
tm«i:©raicS5,. 88 JS 1 © g{ ^ . 

t is * m 4 ] '> & < it i o<om® : ?-m±Bvm-o®m : ?m±m*ijitf 

±HcglttUfcmgi:©raic®t), ^-©ibig?iS±J§^IEfti»iiJg,>:?gr©I!i 
® : ?ll±^(ClS»Ltm@i:©(l8(C&-5. IS # Jg 1 © St ? . 

[ Off * JJj 5 ] JB-®%«tt«^M¥*##tt&J:tf*:iQ%iBtttt*tti|s 

i om^. 

[ JS 6 ] fg^i&SiJgaiPTCBI-Ci&D; 
laiilisCuPct^O ;f LT 
iefS±l#BCPT®<b ; 

n * m 2 © x ^ . 

im&m7 ) IfllliifPTCB IT$0 ; 
IJLiili^C u P c 0 ; fLT 

lE^fiJhlB^m-MTDATASfcttPEDOTii^ftSSOioTgS ; 

ffi # js 3 © m ? . 

( 15 3c Jg 8 ] ® ^ & i* fi . IE ?L $n i* IS . ^.fctflhlB^-EJtJitf. if? i£ S§ £ 

^«s-r*2c>©¥fTn£¥ffii©swf±«iin©n. i ]i;s©$nT^5). is * js 1 © ? 



[ as # js 9 ] 2-pojgstttssBS©i-3*<. gTizAMtzftzmtmaz 
* r * . w * a 8 O JR ? . 

2-3©E»tt«BBOWcawa:|IBD»S*-r*. # >S 8 © 5g -T . 

[fijRJgl 1] :*:/hxU>7 h D x y ? • tf 7 -fe ;i/ ri> 5 ffi f£ 

X >7 7. . 

[Ii!:g8tl 2] ®jS?EJhJBS:'a$LTU5-y-7 f -b;UA<. PTCB i 
ttol?iil@i. 1tt*«li8»l::»ttU*LTC u P c £&£T5IE?L«&i£l§ 

istts . as**!! i o torn* . 

[§S#3S1 3] ■0-:/-fcJl'*«»JBTI!JtlH*ttfFL. lg?litlHBCP 
1 1 Off. 

I as * at i 4 ] ste-fmiH^&^uT^s-y-^-fejucfe^T. ig?a 

jtaiim-MTDATA$ftttPEDOT*6&58*6fitftl. L T IE ?l Ift 

atHK:»*L*»-3*^iiajBttt«*ifcK»«c**. as # ji i i © ai ? . 

[ aS * 1 5 ] AfcfttoStlfcHttlCfcSttflg&^tfHtfl; 
7 ©*g §c ; * =k DC 

[ 85 S «i 1 6 ] l"30»e^B±IB3*«BStttR0^7i:OII8KEas*i 
TV»*. 1 4(8$f. 

{ BS # 1 7) l^©l»Sg?iaiLJS#'&1ii«&©^7(fc©RgKEESft 

TH5. aS * ^ 1 4 © & ? . 

[ 10 $ g 1 8 ) ig^fflihlASB C R * g 1 4 ® $ ? . 

[ aS * ^ 1 9 ] ag?|jti#ni - M T D A T ASt It P E D O T 
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5 U * 4 <=> M l£ ft T H o . ft # Jg 1 4 £0 -? . 

[ ft ?K 2 0] «ft©^7©£JLI&i&JB£« : !P(i2tJBjl*iiraX'<Jr h ;HC 
*»««t»3tt*K6#'r4J:5l=JBtfnTt»4. ft * JR 1 2 £> £ ? . 

[ ft * m 2 1 ] Ha<0^7«)&'!7i)lCuPciPTCB IT'65, ft* 

mi 2 <r>m=f- . 

[ ft # « 2 2: ttft©*77i*^&<i'6>5»T**. ft * Jg 1 2 © 8? ? . 
11*523] «R©17*<<l>fc<ifclO*fT**. ffixm 1 2 <0%? 

<n 17 £<Dm\zmmt< tix ^ z> * is * a 1 2 o m ^ B 
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[ 56 w © » m & 8* W ] 

[ 0 0 0 1 ) 

c ti « . lggs^ssisaicaji^snfc^ii&STttssissog/ise. 3 

4 2^, 8 0 9 / 1 3 6, 1 6 6 f. S 0 9 / 1 3 6, 3 7 7 ^,80 9/13 
6, 16 5^.5109/1 36. 16 4^©-fiK*i8ittlKT£*. 
[ 0 0 0 2 ] 

*«Wtt-«63lztt*«»wai3lttt*yhxk^ hQr-^xiS^tcra-rs. «fc 
OH l< B. *li«Igf lifcg (e x c i ton blocking la 
ye r) StrstliTttt^yhxl/i' h d r ? X t t ^. tf ifgf ffi R 0 

[ 0 0 0 3 ] 

( ft m © » ) 

C & ft T S . ft ig m 2) (photovo I ta i c) (PV) f/H^HTt 
»5ft5. * r# m Ml & IC m * £ ^ ± £ 1* £ & K <£ ffl £ *l 5 . P V x A Xtt 
fll*6S»t51l**B*Ilt5«)l:«flSnt«Atf5'fr-f >f (1 ig 
h t i ng) ^ t - > y (hea t i ng) ^ > t?a-^- 

oj:5!5t*^«ssfcttaiBoBa*u<ttafli«it**ff-r*. ctiem^fg 

& 8 ife tt $ fc . U tf L tf . B#$fctt*©fi©JSIffltt®rt>S©tt&85iB#?iJfflnJ 

*-itri£$S§£#5. CCC^fflSn^tt. mm t&ftfkn (res i s t i 
ve I oad) j ttfl 6 »Q« A t«R t ft a^lt «fl!S. 8SJfc«->X 

[ 0 0 0 4 ] 

Et . £ 8 A R & «fc # # A A © -> 'J ^ > . Bt fl; * 'J O A . f AA(t* Htf A*± 
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tt* © mfr zm&LZ tix # fc. ffl a§ r ¥ © # j « & ft £ t « ^ & % ® m 

. mm r ft §M"B (photoconduc t ive) j li - Jg ft {C (S . t& K 18 
DtXCHSLTH*. ffl B r 3t $ n » J *S J: Tf r ft $ fit tt # ** J « C C T « . 

ft & Jt © •> 'J ^fcfflJBLfcSS^tfRBWIHifcoattfcd&aTfcD. ^LTU 
& 0? 14 2 3 % « ± © ?J| g £ il ($ L fc . L L ifi t. . ^JC^C^ft^jaffiO^^ft 
*S&23^ (crys t a 1 1 ine-based) m ^ 14 m S \Z %i ® £ M ft 2 ■& 

«Sft8T*5J. S £ ft IC A ^ ^ ^ & # II 13 -> 'J 3 > • -fe Jl< (s i I ic 
on ce 1 1) tlfc%>mW 4 ~ B %T 3!>% . =fc!3Sijfi©^^ttllS 

[ 0 0 0 5 ] 

#lt-?-tlb^jt±B6m£E (photogenerated vo I tage) £ 
x/W*tt-t©«*?T£iBJE. Iffl 2S T- © V ( V open circuit)^ 

fc v , , , £ fg 4 s -a- 3 . pv7 r A'fz*t-e©«a»jj[*««i,TH»sti53i 

£ . ® * & iiS m to * f4 I s c # £ U 5 . m * ( A 9 - ) (powe r) $5E4J 

tts©c*«c«Efflsn.s£*. p vf xuspitisgsfcgissn. l 

T ffi f4 ?1 St € E ffi . I XVCk^T^X^nS. P Vf A<^IU,T<t«J 
ft o fi * © h-^^ • A" 7 - tt 85 IscXV.cSriBTCli & l>. ig * A 

7-*!i«ttiTfcfti:ji»is«aattsnti*. ^SttmEtt^n-rtui i= . 
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,tv JM ^tto. X m « flk o ft fig » gc tt * <o «fc 5 ic « m £ ti z>y j )), - 7 7 2 
£ - (fill factor) f f T*5 : 



# . Wmax (,) 

*SC V OC 



f ftt#JCl*«T**. ft SI ft 6 tf , *fflC*UTI !t iV„|jftL 
T IS) B? IC (J # b ft ft ^ d> b T- © 5 . t ft T . f f #1 C8fit58£, x A -f 

[ 0 0 0 6 ]' 

¥ j§ tfe *T « <fc «' W H # ? f£ & ( o r g a n i c mo 1 ecu 1 a 
r c rys t a 1) (OMC) ttU3HZ.tetfV?-lZ-t#l£X*)\,¥-0®m 

ft ti IB T . S,+ h i/-S,'iLTS<3Sft5. C C T S,i J; t? S,' ttf ft? 

ftSiEfe^^iie^^wsis^-r. c©x*;p i-a*T*?Tt 

i^fflBm^^T-W^fS^lg (bound s t a t e) A> b © IB ? © . w * - IS 

* * » © # it . CBILTWS. IC*l»Ttt. t)SSftt» 

-Eat7T«5. «h - & fit) IC tt AT D 6 ft * . mm^teMm&S ( g e m i n a 
te recombinat ion) roilCt^4##Stt5C£*iTti>. 
#W*§*ti7C©**£EJl#2V»K:Pili*TS;:&**LTi$0, tt flD ^ 7 3S» 6 

tt # 81 S ft ft tt ft Mi ft b ft l» . *#a«»ttLfct»i. t ft^iissssyotx 
TS8^LTL$l>. -5- ft tt ifi Jt (quenching) tLTfcfclbftTiSD 

* % 5t en «c *> df % b -c © m « T * * . 

[ 0 0 0 7 ) 

C ft 6 U S3 © £' -5 6 fc £ ft fife * 7 h X U ? h □ - 7 .7. ij| 7- IC li W. £ U < ft U . 
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m s -t o -f * > it z fc « «? si a > ^^ictssissttT a ^ & u # , - jg as { Z « , 

K RB , ^ , i£ A (con t ac t) , #M*fcfi-?-<&fl!l<&»Hffi» (i nh 
o m o g e n e i t y ) T* & Z 3 t S U <=> ft T ^ £ . L L « > -f * > (b tt M T 
^$tli>g^^rfiro^^0l:^5!$not^(0^T'gC§ e d CD S IS 11 So ' + M 
— e ' + h ' mt> £ n & * £ ffi # (overal 1 electric fi 
e 1 d ) fet>fcftU*t»©(H«t*»*«ff*AI8T-f*>ftd<ec«t, £ & 

. S^-iiEJLtt-t-n-enflORJtSfi (oppos i ng e 1 ec t rode) 
(*ft6BLtfLK8.Si»Sh5) (C#^ftTlfc»5ft&ttfttffcSfclri. ©j 
8f «iBB ^«ffH*t«JHllll (f i e 1 d-emi s s i on) Ci^T 
fiu5^, X(i»iT, « A tf . ^-7^Dx7~> (coppe r ph tha 
Iocyanine) (CuPc) £ 3 . 4, 9. 1 0 - ^>J l/>f F5* 
^y'J^-t'XM/^^'V-^ ( p e r y 1 e n e t e t r a c a r b 
oxyl i c - b i s-benz imidazole) (PTCBI) O «k O U 

# tt ib a ft ft * s je v t* & to % s < $ & <d 3i * )\> * - & mm X. * & # - 1 L T 
tt tb s ft s je . HT**^*Ti*. ccDEflStfBwSott, 8? ®> g ^ 

<*> X * » * - # to , i & 1 ^ (fciiAtfPTCBlO*©) £ g E& IE 

?L (fttAttCuPcOifO) CD x * * - m , ^DfHlttae^FOx^^^-j: 

[ 0 0 0 8 ] 

f^l£^bSU^<:i^I^U^ Ctillifif Oltttfi»& (June 
t i on) i5< ©««l:jBBt§»*i*'r$OT\ & £ 88 it CD < j unc t i 
on as soc i a t ed) m « tt » * ifi < <D 14 S CD ffi gg tc £ 0 x g? ft $ ft 

[ 0 0 0 9 ] 

£ <D jft T « , tSS^ttt^Hl/^ hor^^jjlf (organ i c p h 



( 9 ) m<2 003-515933 

otosens i t ive optoelectronic devices) 
(OPODs) ^^^^^^^(organic 1 ight emi t t in 
g devices) (OLEDs) c©BOK9l©U<^^l:^^TBasn 

5 ^ * t * 5 • ol EDi:*t»ttt, <n $ ^<DiER tm^nmnz *kV $ 1* 

*3t»i:*f i:/H7X*BJlDSftS. O L E D s \Z 43 to T tt , * # T li * # « 
(radiat ively) X ft IP 56 69 tC ( n o n - r a d i a t ivel 
y) SS^toT«5 5 1g?^-Si:i^^tl^o O L ED s C^^TIi, ffi 

dliRCili;^. OPOD«3fctttt»tt*ft6©*«1*ttlC^V»Tatfft**«, 
OLEDs ^^fi?tfi (photoluminescent) ttfttt*ft5©a 
Jit ft 14 (emi s s i ve proper ty) \Z O to X M tf ft * . 
[0010] 

ClBfttfiHlttft i t>ofc*fftfl)2 0«)llftttit5 (J u x t a p o s e ) 

V> * . utiS 2O<0*tS©ffBli3tfiStt^rDa^ (pho tovo 1 t a i 
c heterojunction) &?aft*.fitttttt¥**S»£*»T 

e?lt-*^ ct^i^. ****ff»tt#»©jEJL*Jtttasia*x*iu*-*iiT 

frl (background) <D 9 4 7 + T ft to *> * JfcftfcSftfcfro 

ffc # T £ * ^Fai«l^)^<^^J:tfi£lg{i7xJ^ * X 1t\*m & <D & Z 

. & tt tfc £ ft ? 51 (highest occupied molecular 
orbital) (HOMO) tSISS^f ttl (lowest unocc 
u p i e d molecular orbital) ( L U M O ) <0 RO £> ^ * y 
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7H ^ {0 o H O M O - L U M O f t 7 7' (7) US S ft t , ftgt^, V x )V £ • X * 

35 ^ 7 x )V £ m & \Z m 7- £ S fi # T * 5 Z t £ 9jk L T t> £> . HOMOx^JK 

- C ffi t» 7 x * 5 * X^j^-ISiEa^iSfiftTSSCi^SLTUS. o 

rUIMSP VATD|^ttE^6!) t: p - n#i c^o, 
[0011] 

(ca r r i e r mob i J i ty) T * S . liSlit^CSS L Tifi 
#^€Wtt»»© + «r»Jil!|-T?#SS*ttS:8!IS-r5. I fii*i8S t ^ T , 
IS ft » Hid K a a » ft ft £ «fc ■ « ft <D «fc o ft * tt « » © B * »tti:ioT*ft 

oft« stis. a « & » » tfe & «fc # m m& \t % .toR^iEJL#m8*£i;*Ho 

fttz t 7L& 3 , 4, 9, 1 0-^'JI/>f h?**#*>BrS*ft (pe ry 
lenetetracarboxylic dianhydride) (PTC 
DA) OFt-ftSifctt7?ty^-ttlii!)lS^fi#8iK6fe?T*oT^ 
* # t> *Q tl ft o fc £ A tf , ft?ft»ttPTCDAi:^liTHt-Sfc(ingfi!) 
#8t*8t5*«, *KttEft»Wffi#«?»BfrflEcfc D t> » * - y - * £ ^ © 
TE7L»»SEA<j*«63&77^* - (c r i t i ca 1 fac tor) T * S 

©7/w^ttii:ioti»snftt^t»anft^t^5:tTS*, ir ft # ft 

- H J J: fnij i tt rHt-IJ tLTfvfckOt), r ie ?t gfi £ Ji j ( 
ho i e - t ranspor t ing-i ayer) (HTL) £ Tz \$ Tfg^^ 

} (elect ron-transpor ting-layer) (ETL 
) © 4 ft # L I, tf ffi ffl * *l * . C^i^ffiCfe^Ti^ E T L « H ft W iZ m =f 
SiftTS D» *LTHTLttKftttlCjEai&i£ttT6S. /BBS rjgna (rec 



( 1 ! ) #S 2003-5159 

t i f y i n g ) j tt . ttt), #B5##»fttt£«tttt£ir-r*. T ft to % • 

# BS # fB -f 65 tE T# i£ . !fil/<tt-*fil0, S £ ft f Z> > t u 5 C t £ fi » T 

* o S m # ffl fi a 9J C 31 « ft # A n © ^ x □ * iz £ i; 5 fcf Jl, h < > « # ( b 
u i 1 t - i n electric field) tI*BlLT^5, 

[0012] 

stffitf^gfls^Tfc*. 8»tt*^hiU? i:*Vittt, » © 

» ^ * s © m ii « b tt » © a * is *« 3t * « n i c g ft & a wmmiz ± ? iz? 
sct^Bsu*, r & to % . «8e«»a^3t*ti«)»«icj:oTffi«^«ift$ 

« m « © » <& 4> & < it) i^*A»«Bi»isg/M:»(Li^ii * ic r m 

T^tT^Kt^Jto. f ft to * „ fr^fcftjKttjlHttlcSWT?**'* 

^ t s 5 . cz\z®.%zn%tz, mm rmm (e 1 ec t rode) j 43ctr/ 

r « A (con t a c t ) j ttjfc£*«rt*ttaB8£5l*BTfc*©:*tt/W 
7*tfEE«**Kf**T*3fc»©«*Sffift*S^ r ft to 

S fc B * © m * © fc © n © # B * if K T * . JB ■ rt«»l| (charge 
t rans fe r 1 aye r) j ti C C T* , II I: ft( T 1^ 1 1 

tt^lf hxi/^ ha:i*X*?©l:P©tf:/Hi£v5i>a>&|Bftlj- 

3 n * , ::t'Si$ti5it, ft & © JB . ifcttftft**f»©--»©RHtt* 

1 (USStttia) ^HSSfi (relevant wavelength) 

©jSHia«<!^»©*ft<i:fc5o%a*jB ^iSoTMiS^n 

SO^Sti tl: rge^ (transparent) j 7: h %> t^o . H « £ , 
PiSKfi©SIi^Kffl»«©ST©U^U5 0%*^©giiS8 i Frs« r^g^ 
(semi-t ransparent) j T S o <!: , 
[0013] 

S £ It tt j& 12 SB ft . & S fc tt r & jk ft ffl tt (me t a 1 s u b s t i 
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t u t e s ) j T * % . C C T . ffl §§ r & jg j |£X*ttl:: M*&ftJRfc£*.i£M 
g £ •© ** ft . fei0:2OEl±©I*Bl:JE»&#IfcijLli'Mg : Agti 

c t- a . mm r&mttfa®} tt a « © £ * c * ft * & js t- a 6 n # ttsians 
an^ewiiKfttt. tatf, at fc -r > •>* f a a (itoi . e ^ * u *> h -f 

> ->* £ i. ^ (GITO) . 4»J:tf*fl:Btt'f>y'>/»» (ZITO) 5fi§T5 
T «& 5 "5 . *HC . I TOtt?ftSf5 3 9 0 0*>J'7hD-AJ:!)*tlsSIi: 
Wlti?li;t5»3. 2eV«jt/OF^t^ (optical band 
gap) SfcofcJKffilzK-ysnfcagigl! (degenerate) n + ¥ ^ 
ffl©j^«*JBftJfl«^»ttaWfce*tttta##y7*U> ( p o 
1 yana 1 i ne) (PAN1) *>«}:#•?-© fc^Baffi&TJ&S. £ JIB ft ffi 43J tt 
S6CJ£«BO#ftJRttft3J»6atfnTt)J:<. CCTffll r if. & JK (non- 
me t a 1 1 i c) J tt#fttf*©{t¥B£S*lTfcV»*tt©*JS***L&V» 
c 1 1 * fr c IE 16 B o t* ft * ft* t * ^ t * S * t" * . fc«tf«-*©fc*«iei6* 
s n x * n m m x- , %.nx t v two 1 ■?&>±<d&® tomtit x-& 

© <t: 5 S T # £ T -5> <h # tc tt . &JStt€-©£JSl&$= (me t a 1 1 i c fo 
rm) tSJEt5t4>Xtt r 7 "J - ^ ? (f ree me t a 1) j tiii 

4>tbDCfitonTfej:u. Sot, * 51 w © ± m r m m m m \t w ic w r ■ & jr 

(me ta 1 - f ree) J t»$ftT ! b«fc<. d C T ffl B§ t m&Mi tt © ft 

^63iw^^$nTfiv^si©^Eg£^ ; s-tftuMft^a^rsc<j:$?qeic®i* 
r * . •? v - * * & o + ±&iz am 

« . ^Ittl«ltt4Bffi'i$tf LTUTfc<tU*s, *n6tt»036>0**t (b 
a s e ) ± T r ||= & j T 6 -5 . -t tl *> tt SE # ft 7 U - * 9 )V T ft ^ L- 7 U - 

€r a «t r * (« m *» $> . 
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[0014] 

R & tfy & Vt >Jk <D ft G tE tt r AW X <F> J8 i RE (1 * m 2 ffi IB ir # T * * . 2 fit H * 
( b i 1 aye r c e I 1 ) IC *J l» T tt * f S»Stttii:f Sat & tfi 
d 3 0 i£ fft m (bui 1 t-in potent ial) (^fnH&eiS 
1" S fc 6 tC $ L T U £ 2 ^ <D U n Wi (0 H O M O - L U M O =¥ r y 7" X * )V ¥ - & 

SttBltUBBtBHSntfiO, BlTtt» 1 0 lUHISibL 102 
ttHTLi^Sbl, 1 0 3ttETLS6«t)L, f 1X1 0 4te!&®£:i£ihT 
. HLTtETLOIHOHOMO-LUMO*ty^*7t-; h ( o f f s e t 
) »HTL/ETLJHOSfc0l:a»Sti;S. 
[0015] 

a§ rigj «*©j:5icffiffl*ns 0 ■ ■ H at T o * lt j£ fit ft 

*<tttaStl-tLT»»^6<DBP»l«E*U©, If 8 JB (non-s t acke 
d) PVf/HX, (stacked) PVf A'00|-a;7 F 

. ttAtf, ARItlti, i:^^T«, «^ttBll*3t»«tt*t»*6»«^»»-r 

[0016] 

t«PVf;wxiift«fi!ii:tt, l XHT©t-y-T*5ltfi»IS^if « 

%^(0^mnm) C n * - SK \Z fit . HWcoTt^mttyDirX^z:^ 

#ttt;:J;3£^;L6n*;Tft*>*.* S ft ± A tt Bfc K ? £ A . 

<t^> ± e v> «t o tc, g # r * > cn£iR$£»to2-frsfc*K:tt. 

[0017] 

h > 7' 7 > (Thompson) 6tt*B»fflFHlBS 0 9 / 3 1 1, 1 2 6 f 
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rmRmRizm^<#$;\znitj}m<D&mf£xmT{very High e f f 

iciency Organic Light Emitting Devic 
es Based on Electrophosphorescence)j 

co* ii, m^ttomzmtb ztL&izGmftftm* (o rgan i c 1 i g h t 

emitting device) (OLED) C^SJcl (em i s s i o 
n i aye r) icag^feBHCaASfcfe^afi^BJhJBOttfflSfiilSLfc. 
* W (O m K \Z ^ T \t , EBLI4B»#«H^6EBLA k ©xttEBL*«W 

[0018] 

I (U 1 t r a t h i n Organic Films Grown by O 
rganic Molecular Beam Deposition and 

Related Techniques) J , {rS** • l/?a-XJ|9 7 K 
16^ 1 9 9 7 (Hi, 7^1/7 hO^r^. U # . 1 997) £ , 7 - A* - , v 
— . (Arbour, C. ) > 7-AXFd>^, X % . 7 - * . (Arms t 
rong, N . R . ) . 7 *) - ± . 7 - )V . ( B r i n a , R . ) > 3 U > X . 
v - . (Collins, G.),y>?v-t-, y x - . fcf - . (Danzi 
ger, J. - P. ) . y - . t" - . (Lee. P. ) , * ^ * - - , ^* - . ^ 
?'Ja-. (Nebesny, K. W. ) » /O 3 9 , v x — ■ . (Pankow 
, J, ) , 9iO, XX. (Wa i te, S . ) CD r55R#^¥S##»0>X 
■ $r5*hy— *±tf7*hXU0ho$r5*hy— (Sur face Che 
mistries and Photoelectrochemistries 

of Thin Film Molecular Semiconducto 
r Materialsl^^i^^U^^'-T/F-'J^yF' 
?UX#*X (Molecular Crystals and Liquid 

Crystals). 1990, 183, 307 7-/X-V)tt. M 

tt^^aftl&SftoasSIBIB**?* (s tacks) tt*H«JESttfflT 

L T ^ o o $ 6 tz . C ft b ffi ft IZ « . IHB*^iafi-f-+ffiCEEBk"r^J:«5{wat^ 
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£S7-1*<Xaff=#SC££2E~T#F (mu 1 t i p I e quan t u m 
well) (MQW) ffi # IB ft £ ft T H o ■ 
[0019] 

B E 3 ft fc W" ft tf ft 6 ft U . Bfi-?K»ftSL.ttlBJe«LJ:0**trJ^Xtt* 
nCGEKtSCt^SS Ulri. KF ft ft b , »£©BB?*lt ( d i s soc i 
at i on) tt»iiTfiCftT**5*6T*«. U#L*HT**fc. » & 

oiae?^*Biwjcfiaftr**fc»ft«t^. s s c a . Ksstttffioiin 

«)Bfi?^i8}KS8 (f i e I d - f r e e region) T'tftSti^J: 

■5 tc a £ * ^ $ t- ft i> . cftic^^Toiooiftuaff^igf oiusifi 

* £ iS jfe , *c5trO*tt«i:Hfc*4lft^6 uttt*. 2 b 

(C, «»tt««/*W{*:J|iBJc#ftr«^t>tft£^. '1 & # 15 £ C ft £ 

«»6iefl!iti!ti:t#«*. S 6 IC • 3t»*JH©»SttW****03S 
*Wt*>jHi* ( b u 1 k res i s t i v i t y ) <&*^1fi§ffi<Dia5«ttSt 

[ 0 0 2 0 ] 

tt * , WO#iSh4^t«»*«ttlfifl!H»Iii««It«!)H<DM 
[ 0 0 2 1 ] 

tt ffi ft * M B6ftft8ftft0 17fl)?ftBt;f*^f t-F (n a no t e 
x t u r e d ) *f * K #'J7-?l/> H. R t> Ifl Hi . SS^ti^^I, * fc tt S 
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H»*Sflt (spatial I y distributed) SSffit^ffiffl 
LTilBjtT- & & (0 X \*&> & IZ ® ® IZ *> $ tilt ( h i gh 1 y f o 
I ded) Sfl^tf 6llstJ^IEffit*CtI'feott>5CtA^IS-ttT 

* . » c a t» » » a e t tt . t> fc 6 a & a* fc . 

[ 0 0 2 2 ] 

Kox. * 5S w ic * ^ t tt , .tozs^rtw^AixJi-ttoffi^ai^ttiBii-rftff 

iffii5<©Si^tc^±^liE?^ffli;^i*^itiie)fi0^7t'l4^«l/mS#®T-ffi7 , £ 
t43Jt (paras i t i c) BiB^*l&<*fc»C10«±©»e ; FHJl:H ( 
EBLs) eOPODsffl^lCfi^St^CtlCtoTl^^ftfc:. ® g ^ # SS 

man-sT'S.^^gia&Pi^i-scittcjtio^T. e b l « m a © ? # -> a > * 

i:S»A3*l5ftfll:*fT5llkS[IBiU'CfeffJBt5Ci:*fC*4. U < O rt> © 
+?/ ffitc & V> T (2 . EBL(«5l4t^OPOD€IiU4<Sltii.f>*- 
;b ^ « » tt * « (shor t I ng de fee t) ij6*t5fil:t»ftBt' 
l:l<T5Ci*!TS5. ft o T . SiB^ejfcBttKuffftJHS*©*!!!**^ 

[ 0 0 2 3 ] 

n^EBL s©lgfEJhfittS3ltHitttx6n5. ft o T . EH £ & © S ft 
tSig^ttS? x^J|/^-i#Ht5tEBL©'l>i:#ftt5Ct£lfitf6ft« 
. EBL*fl8?SElht«:tttaS Li>*. EBL*«S&l;:£T©*«fa» 
ift|]hT*:ittil!K4l>. L * L & 6 . B»x*A*-qittCD*K 
C J: o T . E BLIi^«i5i:-^0}?<l©^»I*^IiT5TJ55o. SS «■ C 
i?T, EBL«20©BUg@B8lC. 5i » . * *8 A 3t tt ¥ W # JS t « fi $ fc tt « 

. ttB*fctt»«£-&5*»£©B«l::*35. ft o T . SUf OfO^ASntt 
BC*W-«EBL©tft©»»l4Hr2©«F^©ffll*:jK*«*fctt«*»»JB'v© 
^©4§i££W§2ft&uj;3lCiI{£ft3T"d&3?. Ifflftl*A*-t|lf Ol§ 
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( a 1 i g n m e n t ) tt ffi for & ©J C *] t ft P£ SI A* # ft L & t> C t fe HE H \Z U , 

it tt Fi © IV Un £ R < o # W oi8flitt#l»ottlTlift^t^i c t tt 

SttSttft^STfcft. 4«.6ftfcttft*«ifif E±« (bl ocke r ) it 
TffHri*£5*tti»<D*»«Jttttr»OHOMOtLUMOO*a»tti: 
tt # T ft . Sf^T, *4>5Xcoft*ftS8g?lJk»iLTt4LTH«t5 

cttt-tti6*tt»*ftft*^a)««*#«*rttt^?rftT*ft. L*i4# 

5*ftH36T*ftT*55. 
[ 0 0 2 4 ] 

ftiAtt. EI2 A-B2 CttISn6^ii?j£ftS»MLf Lit f 
|fiJ±Sii'ftfc«6C01OK±©EBL s ^ It 5 2 HO P O D s O 3 ^ -f y^i 
S L T 5 . unsOBttl OBIOEBL s * tf *0 P OD t JPCDtt* SS 

XttOPOD©««ft|J»fl(D|»fiftHOMO-LUMOl***-*t y 
£ 15 to L T iri ft „ 

[ 0 0 2 5 ] 

[gl 2 A tC M L T fc£ * OPOD7/HX2 AO 0lll®Si2A0 1, £ A , 
R ft -f > A 8 (ITO) , IE ?l 1£j i§ Jg (HTL) 2A02, fcUlf, ft 1 
. 7eV<BLUMO-HOMO#tt£WTft<k«ASttftCuPc, m ^ Ik i£ J§ 

(ETL) 2 A 0 3 > fc t A tf . *ttD8l. ? e VOLUMO-HOMO»I 
t»t6t#A6ft«PTCBI, BSTtJkl (EBL) 2A04, <fc * 
.83. 5 e V©LUMO-HOMO»t*tt§t#iL6n5 2, 9 - V * ? 
)l - 4 . 7 - v 7 x X jl/ - 1 , 1 0-7it>hO'J> (/U^OO (ba 

thocuproine) ifcttB C P t felf IfftS) , *5cfctf»ffiB2A0 5 
• & <!: A. « > ■ . £ ^ O . EBL 2 AO 4i:4ilt$*Sft:LUMO-HOMOl 
t^K-^t '^ttETL 2A0 3*6EBL 2A0 4 ^ O ®j jg ^ CO 3£ ?S £ fc/j If 
5TS55:t^B»Jn5ttfT*5. * fc • W I* K . EBL2A0 4tt, E 
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T L 2 A 0 3 t E B L 2 A 0 4 0 H O M O VSrnKDi^ t 7 7' ( u n favor 
ab i e gap) , tUt>*> * EBLtf>i§it<W;fr>ft;®ft, <& fc ft IC . ETL 
2A0 3^6»ffi^|Sj^"5iE?L©«l2IS:ia±rST&5'5. L * L ft # 6 , C 

* a % £ e k c a * 6 ft v> , pj a at e> a , HTL/ETLSiomacRtL 

fcrt««#aiEJL*[BBB 1 CH*oTHS4TETL/EBL»B*««)8 

<DjEJLBlh»B©lt>0«i*aEBL2AO 4#Sil:llHi«E B L If *5 t 
lf»5:tT»*. £ fc , ETLHTPTCB IHITEBLHTBCP^ 
ttfflt5B»«yi:*^TttETL/EBL»ii:*tf5tl?l:toTi^i:i!!o 
LUMO*ty^*M*BMl:*ST4utt)BSSftt^. & M \z tt , H OB E 
BLtl/T«flSft-5»»tt«?i:»t5atftViKi8#i*i:ft*i}i:ll« 

ETL»»OLUMO»fil;8iSlT«»t§LUMO*ttfett5:t*«lK 
L ^ . 

[ 0 0 2 6 ] 

B2 Bi:li» iilEBL©Kf:«S^8^nt^^, OPODIfSBOO 
I2BSIB2B0 K & <fc *f > *J O A B (I TO) , iEfitIS (E 

BL) 2 B 0 2 , fc £ A tf , 4, 4' , 4 " -h'JX { N , - (3-^^7i 

- N- 7irji^7^y) hU7irji/7$> (ih-mtdata) ft fc 

* UXfU>^^^y^^7x> (PEDOT) £ £ 0 m-MTDATAii 
P E D O T IZ -O to X O L U M O - H O M O # M ft IE HI \Z \t » 6 ft T U & t> , 

12 BI:S)i»nT^5 J:at*5 OPODaSSKIEJLiiigB ( 

HTL) 2B03, fc £ A tf . CuPc, ® ^ $i i* JS (ETL) 2B04, fc t 

* B . PTCBI, *5±tfBffiB2B0 5* fc t 7L a , S^Stlo EBL2B0 
2l:i3ft5*t^LUMO-HOMOX^;^-^t 7^«HTL 2 B 0 3*6 
EBL 2 B 0 2^©BB^©itttfttta«T*55C:t*«Bll*tl*tt'f"e»* 
. * fc . Kl US K . EBL2B02ttHTL2B03fcEBL2B02©LUMO 
»fifflOJE*t -y^t&^^EBLOiStiLUMOiPiffilCtotHTL 2 B 0 3 
^68i^!6]*^TCDfif(DB2Siit5©T*55. L L ft ** 6 , COfl 
ftttftflRKIttaSft^, H tt ft 6 a . HTL/ETLffBB©ISiaiC5l!±Ufc 
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ft bp m r it =r- z m m 2 bo 5 £ ft a> ^ x si a $ # t h t l / e b l # k « « 

© ifi < IC \t It 6?} '> jgc m -? L ^ # ffi L a U«fc?£t"«f«fttffc3-3*>STS£ 
„ Z <D m tF m it S IB ^ 1 r> O *a « i4 E B L 2 B 0 2 ^IICI^IM E 6 L t£ 
•i) C T' ^> ^ o 

[0 0 2 7 ] 

& m IZ* H 2 C \Z 54 , RIBiJj:tf6g»IS*(!DEBL sS*t5OP0D2 
CO 0Ott*ft«»i*^*-B*8IBSftTVi5. H1R2C0 1« fct^fi 

* ITO, BBBEBL2C0 2, fc £: A tf * m-MTDATAitttP EDO 
T. HTL2C0 3, ft t X tf . CuPc. ETL2C04. <h * . PTC 
BI, IIHEBL2C0 5, fctxtf, BCP, ^ck^ill 2 C 0 6 , fc £ 

* tf , Mo UtoT • BillEBLiitfftSBEBLCDW^St^t, HTL2 
C 0 3 & £ E T L 2 C 0 4©«MC£jfcSttfc»e*tt*n£##*L<ttJW« 

r <& s t x a a s t < & ^ c t \z » m ft r * * t * n \z m c a # b n * 0 

[ 0 0 2 8 ] 

^Oi*j^-«»J12 DtcflS^nTtiStC5(0«IBWiiJ4iSflE«lja*W 
J^§*$f (photodetec tor) T' & £ „ B 2 D II * V> T 14 . 2D0 

1 14 £ 91 IS & . fc t H tf . ITOT^O, * tltt , »0*G>HTLfci*.tfCu 
P c , IB 2 .D 0 2 , ©lt>lcBS«LT^*. H T L I 2 D 0 2 OHCH. f U 
ae^llihJB2D0 4C|(lttUT» it)*OETL, fctABPTCBI. 12 
D03**«, &fi^lfi±lB2DO4ttCe0MTl4BCPT**. B fi ? H ± JB 

2 D 0 4 li , tt*tf!T*Sfii2D 0 5i;»8LTU-&. T-A-SfcJctf 
7*L"XKBSrS. U Cf . 1 9 9 7 MU #»OHTL - ETL JHtt»f*6| 
S?6jililBt«fc»i:/W7X#S4Sfttt«i:a*fi4efta#«t«j|« 
T * £ t Vi 5 H t £ * £ L fc . L * L ft # S , 7-/K-45J:0C7*UXhtt*^ 
S*Tl:6tt5Si*SS6i:|[65t60CCl:E«3ntJ:5fi:Be?Bjl:B 

[ 0 0 2 9 ] 

***i:J:ftli;W7X4l/t»*t*tLTEBLftfttt*OPOD s 14 

* m a o> ia * a m * * t> -r t i£ * \z m < t * * . at ^ t , EBLs^att^ 
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OPODstt, 7 * U Z b®0)Xt®¥i$fmmf£ 0 9 / 1 3 & . 3 4 2 *f . SI 0 9 
/l 3 6, 1 6 6 1 0 9 / 1 3 6, 377-%.?g09/136. 1 6 5 ?. 
8 0 9 / 1 3 6. 1 6 4 f ti*T f 7 * 1/ X F O P O D iiilj ) ( * 

n6tt-t*iso^#*«*Biw«i©o + ictt*-xft6ns) <D&&iz$>mmi3.o p 

OD s £a*£fc*T*ffiStlTfcJ:H. EBL s eatt«t LT#SOf 7 
tJl-SWf ifeiy ( * Jt tt ) ?§ & 8S «5 fifc £ £^ T -5 Si H (s tacked) O 
POD s HS5l»rt«*J:aC5r|.»Ofi?a**aBKrSfc*C*«MJC|!£-3T«lJ« 

[ 0 0 3 0 ] 

fflig r -9- f -fe * (subce 1 1) J *»K«ttfflSn*t*. n tt * 58 9) £ 

Bit £ ?* T -5 . tJ-^-tJI/j^il^lCJSJttt.sr^hXU^ hDZJX^f ill! fflS 
tlStt. ft (4 ft £ « I; (i . liO«iftt';h, T & fc> % . IE t ft . £ 

y F84Sfitt5t0tLT|SiStl5. CCTtt. fflSS r -fe JJ, j . I" 7 -fe 
a>J tt ft JsS m £ ® £ fc tt @ © ir h«J:ffPttt««ltfclt«f»li8Sf|i 

rsfcfeic^^njfigtccEffl^tis. :ctii5n5it. mm i ■> ? ( s 

tack) J. rsiC*.*-;/?!- (stacked)).!, ^Aft^va 

> j feiy r v )v * ± )i j ttioj«±©ttff*fctts*sibiBicj;-3Ta-*sft 

[ 0 0 3 1 ] 

*l»tt»OfBJH*^1:^f4*^t;Pei«IBr*«fftnB©«ft««*<*:an 
5Ct&f ii:t5S2SStlI€fi!)BLTlDl3nTfcJ:U©T-, 9 s A -Y X * 
©^7ir;i/©&*tt*lsmMicJ:oT£i«sn3iB;>j&j:ijc (££(*) Si # M 
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t> . 5>J ^ & « fi£ tt 7 -t * # ft W C & tt $ ti * 4: # «fc 0 t> 31 H t <fc 0 K V» 7 

^jp-7ri'5'-^*sisn-5©^ni^tcrs©-e. * « gi © ta jb * r& m tk (s 



t acked so 1 ar ce 1 1) ^ffiffifatttwSgrit3*l£"C&5 


•5 


3c & 3 






tr> £ lr> 








[0 0 3 2 ] 






jt s a tt * wt # s o ® ^ e is fit « is <r> « * ffi ffl fc » o a ?>j ib * t 


CD 




Jl'OKItlSt 5*. ft S ffli G) IE JB , Jtt^H SSr^yK ( 


L 


C D ) 


£ g£ ft T S C t \Z *3 W 5 , til* ft a L > * tl ffi IC te , «t 0 & Vi tg JE ** v L 




t fg U 








ffi <& fc * IC tt * »JBlEM»tt*:ll&€fttti&KtBJE*LCDJC<t#*r*© 




It 5 


T * 5 5 . * * -5 a m EE x AW X £ ^ < * £ 5 IC it 5>J \Z tt ft « $ S tl fc 










EC S HE 














@8ffi$n^s^^ticoitp p ii^^a^^^c:t^ 5 boT, is * t £ jp £ 




tit 












M®\z 



[ 0 0 3 3 ] 

a*HEt*«Tt*cti:»AT. » m © si « . *»woaJB*»*«itt"y-^' 

tM5l«ntiJ-7t 7 h (subse t) ji>&]8tfftfc®flE£$'yfcr>S' p -f3 
:i ( t a p p i n g ) i:J:9TJ|i-ai*6iai:oaESa«t5 0i:t)tt» 
$ tlT fe «t U . 

[ 0 0 3 4 ] 
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R fct&&\t ^ ^ A/ T T h ck 9 C C IC m m^ntz^o 

tc . m m & Wi m \$ & -r t a & i> # t « u « m & h t & o * l t n & a - is w ic 

[0 0 3 5 ] 

- -S- +h 7 > (Parthasarathy) l^^illf Ml 0 9 / 0 5 4 , 
7 0 7 f ( r/t5*5-> (Parasara thy) '7 0 7 j ) C D8 * S n T 

. 7 0 3, 4 3 6 § ( r7tl/Xh '4 3 6 j ) £ B8 7* £ ft T ^ £ £ 5 U^&lZ 

3sa«cawtt#*»0aE«»tiBEa*»*"r'&fc»(c>i7^D5/7-> (cupc 

) . PTCDAiiffPTCB l<Dd:5ft*«»fi©J:^Xtta8l:»*Mft* 

TOBt^y/tui^f^yy h (spu t ter depos i t i 
ng) S*Sie*a^T5lBX^D-feXT?i5F*K«j|jr*n*. 7 H" 7 y 4 
7 0 7 h£ , ^ © ± IC I T O i ^ t ^ y 7 hSttT^*£C50*«ffl©ftfo0(C 
* toi(:#|lB4«f#y7 hSftTii«t:50 I TOBliaiftftUt L 
t mm L U ^ t \<> O Z £ £ M K L T z * 
[ 0 0 3 6 3 

fc £ tC 1 OK±OBgf lJkBftttfOP0D*fctt0POD1t7t^S»ftT 
§ C t T h z> . 

[ 0 0 3 7 ] 

*J8IBOIfiliiSti»»fl?»¥6t)5TBff-C** LtaiBOPOD*7t 
[ 0 0 3 8 ] 

*«W<&9J<01KnaigjlO POD^7 r ir;U^SA^^iiV^3a^{Cifi^<^Bi;S 
?9S6t»oTftffT'«5aiOPOD6fi«tTS:tT'J5. 
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[ 0 0 3 9 ) 

# 5£ m <d gij © S ft) tt J: 0 3c4 §s 65 lc ffl » IS * £ ft & fiEtofcftOAStiaWSOS 
a $ n fc (ft JR £ O P0Dl:tt4T5:tT**. 

[ 0 0 4 0 ] 

[ 0 0 4 1 ] 

# % m <73 gij <o s 65 a it 7* -t ju o afe n © « s s si s * « t s a o p o d * « 

[ 0 0 4 2 ] 

*5E^co$£fe3@63te> jphAB (bot torn 1 ayer) lUoTS 

D1t^1r;U^6«!isEStlfcScfflOPODSrffi«T^CltT*S. 
[ 0 0 4 3 ] 

# ?g b;* $ 6 * Bffiii»fi^HlhB*WT*»ifite«8s£0 P OD e n « -r a 
d t T * £ . 

[0 0 4 4 ] 

*«W©*S«=»iOBBttB»tt*fcttl6»tt»* C s u b s t r a t e ) £ 
Stt^OPOD s ^8Rt5:tt6§, 
[ 0 0 4 5 ] 

*»«OS5ft§IBttltt (rigid) *fcttpl«tt (flexible 

) iiss«tsopoDsti»t*:tt*5. 

[ 0 0 4 6 ] 

^OPOD s Z Z> Z tT' eb Z> * 

[ 0 0 4 7 ] 
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[ 0 0 4 8 ] 

( i¥ m ft se m ) 

f /H7*j«ssn, -t u x x - * 0g a * ft m o m s is $ 4* \z m 3 c m & ti ft 

[ 0 0 4 9 ] 

I3T'«, OPOD 3 0 0ttBOA5&at58i«flii!)|i3 0 1, BCP 
©cfc^ftlt^SfiOEBL 3 0 2, PTCBIOd:9ftETL30 3, CuP 

fi*sn*LTjtfrtt»B*i:tfaifetik«EatiT^*. * §£ W \z ct 5 x ;t «-f X 0) 
[ 0 0 5 0 ] 

Pi ^ m t£ - 1 5 0 0 ^> J'X ho- Aff$©SWT«ffittOBS<k-f>^'&A 
fl (ITO) E|g ( 4 0 Q / s q . ©v-hJSiftSfcofc) TttfiSttfc^ftffi 

*«csn*:*'7zaiga)±tziDx*nfc. x * v -> 3 > k & a -> x , *r m « 12 

8?Jl#i (thermal gradient sublimation)^ 

ffiffliT3t -f ?jptgs!snfc, Rtt^oi^atUfFTasa ( 1 x 1 0- • 0 

h A, > T*©f 6»f t'-Af«yy3 >^ffi)ILT I T O^iCSI^tl/!: : F 
t-SS7^D*/7Z> (CuPc) O30t>?;hD-A- 6 0 0 ^>n 
hD-A©»SOR, -trogl:, 7^ty^-«3. 4, 9, 1 0 - ^ U U > x 
h^i^^y'Jyn'X^yy-^ (PTCBI) ^3 0^>^XhP-A 
^6OO:*>y*hD--2 Jk <D|P£0R o ^{C, /U^DO (ba thocu 
proine) (BCP) E B L O 1 0 0 t > ?X F D-A - 2 0 0 t > H h 
n-A^$cDH^x^v^h$n^o uCT, 3. 5eVI*j^-^t 
tOBCPli, BSPTCBIB^S, h>;yof$ 8 0 0 t>^X hD-A(0 
Agli ( * tt *t £ * ft $ ffi L fc & giJ 0 <D M a v > A - (7) * X OS & 1 m tn 

(oma^ihz>'>^ f-?x^^lti x i o - ' h ^ x x a- # u - hsnt ( 

evaporated) ) ^ . Sf StICBIf $: t^TIS^aftlEf 



( 25 ) $H£2 0 0 3 - 5 1 5 9 

Ii8TS§:t^5tl:SStlT^$. % A O P O D s 0 ± T <D m % 810 £ IS B'J IC 

# £ * ft T U ft U R 0 11 ffi « * T ft ft fc . 

[ 0 0 5 1 ] 

B4tt*ffBlCO^T©2 0©Rft4(tJf*ffTTO«»tttlltt8i|'OttE 

B I C06 0 * > ^ X hD-A(S0ii:OliTO ! b0t^§. ft - ffe & tt L» < < 
a", f ft t> % , fiiRfiS^igflStS^ctOKS^i:*:!^, tf,£t5: 

S fc Sftfc. Ji8HEBLStlli:8ST5. 8t«tt*««Ci(l3tttffffi (que 
nching interface) f 6©«§l:*^Tt>, £ ffl'J 

JHIlfilWftag?y>> ( s ink) ( fc £ X. « , «8 3 0 0 i:**t* C u 
Pc/PTCBIW) TS^, **BC83f A<Xfctiltf3 0 0l:6l>T 

B5T*oifO**>ft*. y7 706«i:*»-s*8illiaoii5*{:iS^Il±EB 
L t©»|TOB8f »ltft4«tt4*i:H< * IT»J U < tt S « T * « C t * 

[ 0 0 5 2 ] 

B5ttS§OPOD«iSl:*tt5EB LOffl©SttftS$6H)8l/Tt^. & 
KcO^Sm® (back e I ec t rode) tiitfA gHt^O P OD 

h 'J y ? ' 7 - ^ H (vanishing optical electri 
c f i e 1 d ) ©«*^6Bltl-&J:5«c^7h-r^tT«Sft*. Z <D tf ? y 
*> t>fr & & o \Z * 8gfltgf:^^BCPO»A«7/WXOI§ttSil!l: 

. ft * ft fc * y t- -r £ ^ • x u * h u * * • ? 4 - * H <r> -f D 7 -f - A H « & ± 
T & 0 , ^l/T«fiJtl:»eT5 4B*ST©«JHittOt^TSi:*. ft IK 0 

* ^ x -f * ^ • IH hU ■> ? • ;^-j|,f07 , D7>f-;MUSta^SS«^^ 



( 26 ) 4$g2 003-515933 

m it % Wi ? z> t) *n ft fe u tfi , 15 ic Jfi ft T i> £ J; 9 & M x /W * ffi e£ ^ <z> 

^ - Ji' K O SS l£ ic ^ x □ & & E < CtTfeOf 51-65, *7 , y--f*Jl/-xu 

0 h U ? £ • 7 ^ - ;P F © v 7 MS ffi tt /i 0 © ^ 

JO$t^. B :n«rtai]3f ^if ( i n t e r n a 1 quantum effi 
c i ency) C M L ft lr» . L * L fc # 6 * »je-r*»»IH«jjt0j;5lc, Jlfi 
fflSn&Jt^^SttB^saSialEWStiSxA-f^lcfe^Ttt^ * ft tt K H ^ 
SS^l^ (external efficiency) * » S fc ft I;: 36 # 5 ft ^t 
<D g A $ (penetration depth) 0 ft & K & H ft (pure 

1 y decaying funct ion) T'dDSA^T^, 

[ 0 0 5 3 ] 

M 6 MM? com*? Xtt k 7L& 1 TO/CuPc/P 

TCBl/BCP/AgOA = 6 2 0 nm (C u P c <D!8J|!ll!->l:8gt5) 

icimsttas^a* (??,,,) £ , «*&Bi»$©HRi ltsltus. 3 

0 0 ;* > 7» Fd-AOPTCB I £ 1 0 0 * > if 7s hD-i,CDBCP^tt« 
XAWX Iw^^TIi, CuPclOi^il^TSc, Qui® Willi *< 

ft&Sfta.HttK:. 3 0 0 *>?XhD-Afl)CuPcil 00t>^hD 
-AOBCPStrsfAn ( A OS A ) K: -P ^ T tt , PTCBIJBOJP4** 
^ r « t , J?nr©«10dU = 5 4 0 nm (PTCB I ORiRt!-^) T £g g| £ 
ft £ „ BCP-EBL#H*ft«i, PV-feJl/ (PV ce 1 !) ft ^ Sit & g ( 
response) g t> f$ U ir )l\Z 1 U X \t M IC ffi T T -5 , fc t A If „ 30 
0t>^hD-AOCuPcc«neS<5PTCB I15IT?»T/tO ( 
&A) \Z -D fr* X t£ S ft T ^ 5 «t -3 IC o :©BCP@litofc6 0t>?XhD- 

* ft £ ^ . )MT, -aft»Sttt;KDlWfitS^ 2 0 0 t>^X hD-ACDBC 



(27) m< 2003-515933 

\z ct o * # at la *d is . ae^tt*»&»*t*©s©««jRjR©fc*ir^5raff 

(^fi^t^^Slf 81 (external quantum efficie 
ncy) \t. e 6C fe o tf & , ?F ?£ 01 $ ( ? ft to % , 'xxD^iSi^SOlo 

£:ifc*7ttiAg£?-Bff (quenching Ag interface) 6 B L 
T*|j$-fac:it::jD*T* EBLlHf •aBCfMDAgJ^Xj'- (c 1 u 
s t e r ) OBA6»<l!l»t»r5. *#i>5X^Bi**| (shor t 
i ng de fee t) ftfic:a**LT»fi^©t»©J6JJD<0ffi«»ffl:t«lft 

-r « c £ «< « « . 

[ 0 0 5 4 ] 

* » IB i -& g« <0 x A < X t t A tf I TO/1 5 0*>yxhD-ACuPc 
/ 6 Ot>nhD-APTCB I / 1 5 Ot/HFD-ABCP : PTCB 
I/ 8 0 0 ^>?XhD-AAg©, AMI. 5©j*3£!HE©tt*&afeKOTT 
CD, « Ss *f fg JE ( I - V ) 1S^'|7 lCi$ntl^ B nJ^ilgCDy^l/-h 
S tl fc » Jt !E 9B tt . AMI. 5Rtftf-A*«a*-ti'**:*©*tt»K (neu 
t ra 1 dens i ty) 7-rJU*-£ti!;Lfcl 50WOXe7-^>y^ 
ffiffllTligigTT-, J§ 6 tl . ( * ^ 5 s - -f * • * 7 - (op t i c a 1 

powe r) tt-i-l - H: (Newpor t , I nc. ) & 4) ft IE ( 
cal ibrated) S i 7 * h ^< *- K Sftffl L TBS Sftfc. X e 7 - 
^>7ttt'Jl^ (Or i e 1) *>S<BfcG>T*ofc. ) I - V J& £ tt 2 0 ± 
2kQ-cm'c7>#?8 (shun t) « Si ( R . A , CuTAttft&IS ( j un 
c t i on a rea) T * S ) £3 0±10Q-cm 3 <2/h$ftiE^n£Jri£4$ 
SiLT^i. Utfgffit (dark current) H tt = 1 . 4-1. 7(01 
i&Sig (ideal i t y factor) t t^fciAUp nttftj^-f * 
- HICOUTOSSC^^. :h6©IHJf*l/<tt#IRy , J3>t^i:IS(( 



( 28 ) ®?<2 003-515933 

[ 0 0 5 5 J 

b c p i « ~ i o % (jE&ici*) optcb I s K-^snt: t*<ssas 

n5«4T»4. * t A' -f * © * C x # y h $ ft fc t ft © B C Ptt*iBT$ 
ft t # A 6 ft * . gJfft» D nS<0S§,SliEBLii,Tfciir5T»5?f Lt 

£QAt»9?||attff«*?«?fc33&**.£tl*. U # Ufr ** S . A & * 
& tf £ S3 ii -T ft d <t tt E Mt T- & ft ^ X it #24 * ft T * ft -3d ft & n . £ ft 
©W5*>C#ftS©BC P©B4a*BjtlHttR©Ff8afc*jRL. ^ ft tt # IC & 
Ht MSS. ( I I gh t i n t e n s i ty) Tflililt*5. f O^Si 
© . ^SSfiS#»^©«S£fl:l21Satt»©fill. SBXUSACJ:54g:D 

#«fcB* ! &-3fc.j:DffiflH©«44i;ft. «£ot. a-r*tt*ifft**<«€& 

&f £5boTC©iS£if, B C P © J: 9 & U < ■P *> © E B L Mf-f© K - t* > 
^ tt . E B L ffi m & £ 56 ft S # T tt US ft » !1 £ ft * K ih ? ft c t a* t- « ft t V» 
Ktiifl^t. $ bICiJ. EBL©Ttll:iULUMOl*JK-?fiJt 
T5»8H^T, SKf/HXOtTftf SiiSLTH5EBL«)|s-i;>5' 
tt. ^HSSSSi (space charge built-up)£4liTtt 

«*ffiT**ftT*ft5iE-fh^v^j*«»dcSftft^ct*««rft©tttitft 

t^3Ct*i^!8Sftft^3rTi&ft. «£ot. JtttftlKt» F - tt MS 

K - /t > F m fit (dopan t s i t e) T © ill ig ^ & fl£ £ ig /h IC T ft tt 1* T- 
»4tV»5Cii!«B*Sft5<tT*5. 3&»*>ftBfirPttBB©EBL*f»lCJ: 

ft . 

[ 0 0 5 6 ] 

*SI!i:«pOPODofti/t7^-^-©. ami. s^-y^-f^jp-y^ 
y $ * (opt icai flux) icMtafeStt^as c^snT^s. g 

IS S K Q SI ( I tt) ttJHIt9i!«ii s &J;:E[«*T*0. * ft tt ~ 1 5 -tf- > (su 
n ) ©Si65!i»I^^;HC*^TaAffS«tSW«1»Sffl3Kfti;a:V>tt»5 CtS 
ibLT^o. ua s§ a JE ( V. , ) li > 1 o > © 1 » SI & IC t> t» T tt * ft # V, « 
= 0. 5 4V©JB!iRtarft*1ftt*Bt«llB-rft. 7U-7?H- (f ( 
) tt , ^l(lJS^SftT*5 0-€-LT@7JC@SfSftTV»ftJ:-5IC. filStli. 
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o . 57, aftocKo*nttflkico^Tott*nttB« t & n # . * l t » * 

Stlfcfl*K»»flE^*V^TS7Lffll©#lllPV s lc £ iU £ ft £ f f < 0 . 3 5 0 
fiSSBISBt, f f ttV. e KtfX!IKO»*t itCit^tSOT, AMI. 
5 IC 43 £ ^ SB A 7 — ^ }fe 3ft % (ex t e rna l powe r conve r 
s i o n efficiency) ( n r ) \t # iZ <3> o < 0 ^ lb T £ KB W 3$ & © 
a t o , o. i^io?>ic]itf«i2;t>;sai::tofc«7),«(i. 1 ± o . 

ltlii;a6T, *Slca*Sftfc£fc*«frLT*5D. V Jlf f- 7 JUt > (mu I 
t i p I e - s u n ) 0->5aU-h*nfc*B3tBB»0t)i:T0S»*6!lft«fP 

[ 0 0 5 7 ] 

Bl 9 \t * 5E W IC i <b x AW X co if a • A -f 7 X ( JS » ft # ) T*<D36'B8Sfl=fflX 
WU ( n e i m HA) T/H7,«{iStt ITO/9 0^>^X ha- 

ACuPc/9 0^>nhD-APTCB I / 1 0 Ot>nFD-ABCP 
/ A g (H-^SftTft^EBL) T* * ^ fc • *BX^? h JU:» LT<5ffffl X 
^ £ h ^ ( a c t i on spec t rum) ©intTyf >y«^^tS 

»K«JB«CAHtLfc3t* (opt i ca 1 f 1 ux) \Z J; o T f¥ & $ ft fc) II 

iflDlB04 , IBItt»T»*t^5<RR€:*ljE-r*. ^ * . flmtti/t-f 7X t t 

BIJB©»SlC©*tt#-r*.S5^tt, 7> I ,i<0«BiJDttPTCBI»JRX'<* 
hM:«5. t£ o T , «Ei:»T«*«aofcffttttPTCB I 
Jteafftto^KAJI/^ ( f i 1 m b u 1 k ) TCDBg^flSBOfcafrT*** 
* 6 ft Z> • 

[ 0 0 5 8 ] 

■ 9 fc . M-»S*lfcrt«ftTtt* ( 9 i > i . Sft) «»**#ttt^Py H/ 
T £ 9 . 2 5 96 <D A * St ? tt 9 0^/^^ hn-AOPTCB I £ & £ C u 
P c J5 $ \Z O ^ T a » S ft fc . - 2 5 % <D gf> fi J» « IS B9 * / h U - ( g 



( 30 ) »«2 003-515933 

eome t ry o f i n t e res t) I:: ^ i> T O 1) @ T- & fft ^ *i T £ 8? 

w m m & \z ? ffi l u ^ t to c t & is a $ n a * * t h s . en it 

[ 0 0 5 9 ] 

d n £ T IC IB ft U Jt fil & 0 m ^ * tt B © * n T , © tt S»J IB (a b s o r b a 
n t I aye r) O t as S * 3 t 5 $8* »16t S f X y * / h U 
-^»Hk 100#^«>«ttMIOPODTt«. BiB?ia±)B6^&a 
SO POD 1 0 0 Olii 1 0i:SKWl:SS$tiTV^. I 1 0 0 1 , 1003 
, 1 0 0 5 > 43 «fc 1 0 0 7 tt . ±8BJCRtf7*UXh.OPODfflH<D + tc8E« 

6 t y a > 1 0 0 2 , 1 0 0 4 ^J:^ 1 0 0 6 HiOPOD 1 0 0 0 OOP 
OD*?t^S«St5B2 A-2 C(Clfi^tlT^SJ:5>StlS3ttt^xD*ifi* 
« t) T . '1 S £ fc tt m » & lb J§ 1 0 0 3 *> £ 1 0 0 5 H»i Ktti«t*0 
ft ** 6 . r/WX 1 0 0 0O»±ffi*fcttaTfflt'^6*MCA»Lfc**«*3gJfe 
fflCr/HXC!)«tt:A5ct5l:i 1 0 0 1 £ fc tt 1 0 0 7©^&< ( !: 5 bl^^SF 

& £ > « £ C i o T tt . 1 0 0 1 * & tt 1 0 0 7 ©-*^g»ttT6^Tt)J:H 

l , $ fc tt a a* *t t tt e a co is c a m <d k m it ■ & m x e n x *> jt t> . » * « a 

Ht»iB«cttiiJto0*yi:;p^ia*ii*nTfeJ:V>. 7^ FOPODKiiCE 
ISnt^5J:5l:, 5 s A -f X 1 0 0 0 <Z> if 7 i: ^ tt it 711 fe L < tt M JO IC X tt it 

PODffl«OticE«SftT^**H*J:tf«IB«aoJ:5ftlBO^?D*a^ 

[ 0 0 6 0 ] 

ftbOC a*Lfcn r tt*?*»^»«tt«« ( t h i n absorb i 
ng reg i on) £^§C®5ajg£-£bfto:3>-tr> h V — $ - (conce 
n t r a t o r ) 1 1 d: : t 7)i»t4>H£*> & 

£ . iS 1 0 0 0 CKIlTtt, r/Wxaaw&HtCA»Lfctttt-»MKttIE 



( 31 ) 4*35 2 0 0 3 - 5 1 5 9 3 3 

SlOI^EItftlB (interior reflecting layer) 
$ - K S St S ft * n T © © $ ft 3 * X (4 HJ fig ft s tf x /W J* « & ii ITS 88 rt> b 

[B§:t^tt5iuKt^^s^n§«fTSo, nwffijn^o^Bitt a* as 

I. ftiX*IHI*f 1 0 6 4 4 / 5 0 5 0 1, ( r 5 0 5 0 1 £ti Si J ) ( * 
Si 9Hi & O 3MC ffl * A ft b ft £ ) 0> * tC tt , x;X<XlCAt>fcra&tf>0?fcS:PIl2] 
JEW * T K JR §3 £ ISlftlS -5 x 7v «5 Ji£ # 82 US S ft T l> -5 . 
[ 0 0 6 1 ] 

/hSUBPSfcotfiSttAgBl l 0 1 €ISSH:f tS*5E««)T/H 

x (Hi i jffl ^ ti fc ) ttd©j»¥iOiii**tETSfc*icffifflant. tt^s 

*'77^f:ljy7Xf 7^^)lill 1 0 2[«3t-U>Xf ^ (opt ic 
a 1 cone rence 1 ength) J; fc 14 a fl> IC ffi £ o . 8S ii ftl 
IC H - 7" $ ft fc I T O 1 1 0 3 O Si m E& ffi 14 tt T B <C g tt 34 /S 1 1 0 4 IC 3t * M 
ITSCtSiHfc. £ 0 & S 1 1 0 5 14 ft JR £ ft ft o fc % £ R fit L . ffi 
JSBifltSI (concentrated radiation) (AMI. 5 JC & 
1 0 > ) tt S fit tt IB 1 1 0 l<D + <0B8PICjS,&«:J8tf. ^LTptlSiAg 
SJHtlll 10l£<&|fflTS[sIKflfrSi6tt« (near norma 1) A 
fittf-AS^/SL, S/t^ttBCP EBLCiStfcCuPc/PTCBIC 
211 !Jt*Tl 1 04HTi^T*0, f LTB 2 A i H8T*5) IC 
J:«jaiQOK««act«. ill 2 tt E fit JB 1 1 0 lO^ORf BiP^ilt^ 
CDICH1 ltHCSIfflK'PSBtfflLT^** W Sfc ft S , IB 1 1 0 2UB1 1 ec 

*»*«A-Aic»oTftSftfcSi«i i o o^coi^ottDogp^iLta 

5:i*TtS*5l!*4. ££>Ste££JlLT> n r « 2 . 4±0. 3XO» 
CB I % 43 £ 1 5 0*>yxhD-A<OBCP6ff5t;H:^^T«gin 

fc . cntttiosBojtet^tJHco^TSftsntAM i . s c*»sa 

S»»/t7-*Jft»»T**t0li;6ft«. 'h S ft h y 7 tt tt (t op e 1 e 
c t rode) CD £ ft IC . £©HTttAlt«fit»©*T#li»aftfcfettTH^ 

£ o ttftOfifeWttatStifc-fc* (7*UXh0P0DiBH©ti:B«Snfct)O 



(32) - 2003-515933 

(0 «fc "5 ft ) SS»ttK-Aff»oti:B<:ti:J:9T ( + »fc*®/t**<**. 
en^t 3 ?^Sta?^ailSnfc3t h 7 7 k' ( t rapp i ng) © 

^ * t h z> » 

[ 0 0 6 2 ] 

ise ft t" d -t * o j: o * t» m tf a «t o m < ft o t «t k> ®i m at t/hxc^^j: 

tE»tt©S6ft^»iBft;tt»t!R« (paras i t i c absorpt i 
on) 2m A T , if (donor) g ^ ft (a 

c c e p t o r) JBftOl^i^-ltififl^ IgfOgfii^i^- (-1 
eV) ^PBB«E«c3EIClSffiLTBI»"r*«t5JC, B«T« : ilif /W ^ttlt 
&£e>iCfr±£1*5T&5?. - 8?W^7-^^^SlC«ai"§-8 0?6rtgEg!l 

[ 0 0 6 3 ] 

8»B^-f ^©T/HXtlCEBLStT^OPODOfti^tt^saU - hS 

t v> j; -5 o poD©jtgtta«i:i*n*ct#tts. 

[ 0 0 6 4 ] 

HI 3-1 5ttH2D<&±3&EBLS:*TS«l3fiJt3ii-?- (mu 1 t i 1 a 
ye r pho t ode t ec t o r) b©f-^^tc 
5HTL12D0 2*itfa8CBISTSETLH2D0 3 tt <1 ffi S » ft T ^ 
Sf A^XftH(OHTL/ETLl(Oaft©»J:!)tft«»l:ttJ:DIIVi. ft * 
flJtttlCIJ, HI2D0 5l:S«Lfcl2D0 3 0 - 1 0 0 ^>y^h 

□ -ACDCuPcT**. H * K . »|2D01l:B8LftB2D03lift*» 
i;tt3 0 - 1 0 0 *>J r XhD-Afl)PTCBlt'85. EBL2D04ttfct 
* tf 5 0-2 0 0 *>?XhD-AOBCPT»*, HTL/ETLlO«[© 
JtttETLtHTLH ( ft t K tf . 2-1 0*>^XKo-A©»S*« , r*) 
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£ , 2-5 0®Rm2tltztt$:boT> ftKt^tt^, gl 1 3 ft ISO S: # 
|-Ti:^^T^'iiig-SEt^lT*)D 4 * L T C <D m IZ *5 U T IS H T L / E T 

f lt£^777 h&##Jfc§£lfi5?LT^£. HI 5 tt 2 0 ** 4 fc tt 4 0 *f £> 

2 0»©Rtf4 0tttB§}fc3R^Cfc^Ttt. 7 s H 4 Z <0 £ ft M Z <D & t Wl V 
m a f =b * 2 {& tc W J@ ft! L *> Tf ft fe ^ © T , LT^S83tttBtt 

© t / W x l: 9 T (i i U ^ ^ 9 t t I i: b n o o fij & Ac 6 « > 4 0jt}f/H^ 
l:*W5HTL*J:5ETLH(!!)SSttl8S:LTWB©itLT©*tl5 0»tt 

£ t> x n < 6 3&^«5tttsst^wiii;6ns. 

{ 0 0 6 5 ] 

jS#E*Sti«llEStifc. L*Lft*S, SJP^ttCCfcEttSti&SBiJitf 
iS ft £ a # S*J ic S R S ti fc \z St) x. T £ SSc © ^ M * J: U B tfi . * as 9i o m & 

1 i 3 ] 
[12] 

B2A-H2CH|tilEBL, BI1EBL, *&ttH#£*TT«*fBW© 
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